The variant HSD3B1 (1245C) allele enhances dihydrotestosterone synthesis and predicts resistance to androgen-deprivation therapy (ADT) for biochemically recurrent prostate cancer after prostatectomy and for metastatic disease. Whether this is true after radiotherapy is unknown.
S ince Huggins and Hodges
1 discovered the therapeutic impact of castration, androgen-deprivation therapy (ADT) has been the cornerstone of systemic therapy for prostate cancer and has improved overall survival (OS) in multiple contexts. [2] [3] [4] [5] While nearly all men will respond to ADT, most will eventually develop castration-resistant disease. 6, 7 There is wide variation in the duration of response to ADT, ranging from immediate progression to responses of several years. 8 A germline variant, 1245A>C, in HSD3B1 (OMIM 109715), encodes a more stable enzyme required for dihydrotestosterone synthesis from extragonadal precursor steroids. 9 Inheritance of the variant HSD3B1 (1245C) allele has been shown to predict intrinsic prostate cancer resistance to ADT in 2 postprostatectomy biochemically recurrent cohorts and a metastatic cohort. 10 These findings were recently independently validated. 11 Whether the variant allele is also associated with inferior clinical outcomes for men treated with ADT in the context of biochemical recurrence after radiotherapy (RT) is unknown. We sought to investigate the impact of HSD3B1 genotype in this setting.
Methods
We used the previously characterized Prostate Clinical Research Information System 12 at Dana-Farber Cancer Institute to identify men who were treated with ADT for biochemical recurrence after definitive RT. Key clinical data were extracted and systematically quality assured by 2 genitourinary oncologists. Biological specimens and clinical data were obtained in accordance with Dana-Farber institutional review board policy, and all patients provided written informed consent. The HSD3B1 genotype was determined retrospectively from buffy coat using previously published methods 10 by investigators blind to the clinical data. Kaplan-Meier methods were used to assess time to progression (TTP), time to metastasis (TTM), and OS from initiation of salvage ADT. We analyzed differences in these end points according to genotype using an additive genetic model with the log-rank trend test. Progression was defined as the first occurrence of (1) prostate-specific antigen (PSA) progression; (2) radiographic progression; or (3) initiation of secondline therapy. We defined PSA progression as a minimum of 2 increases in PSA, with the date of first increase (nadir plus >0.02 ng/mL) as the progression date. For patients who received intermittent ADT, PSA increases during off-ADT periods were not counted as progression. Both TTP and TTM were censored on the date of last disease assessment for those who did not develop progression or metastasis.
Demographic and treatment characteristics were compared across genotypes to assess for confounders using Kruskal-Wallis and Fisher exact tests. Multivariable analyses were performed with Cox regression to adjust for known prognostic factors, including biopsy Gleason score, PSA at ADT initiation, age, and use of prior ADT with RT. P < .05 was interpreted as statistically significant. Analyses were performed with SAS software, version 9.4 (SAS Institute Inc). 
Key Points
Question Does inheritance of the variant HSD3B1 (1245C) allele predict worse clinical outcomes in men treated with androgen-deprivation therapy (ADT) for biochemically recurrent prostate cancer after primary radiotherapy?
Findings In this cohort of 213 men treated at a large academic center and retrospectively genotyped, inheritance of the HSD3B1 (1245C) allele was not associated with a shorter time to progression or overall survival, but it was associated with shorter times to metastasis according to the number of variant alleles inherited.
Meaning
The variant HSD3B1 (1245C) allele was associated with more rapid development of metastases in men receiving ADT for biochemical recurrence after primary radiotherapy. 
Results
We identified 218 men treated with ADT between 1996 and 2013 for biochemical recurrence after RT for localized prostate cancer, of whom 213 (98%) were successfully genotyped. Of these, 97 of 213 (46%), 96 of 213 (45%), and 20 of 213 (9%) carried 0, 1, and 2 variant alleles, respectively. The overall variant allele frequency was 136 of 426 alleles (32%). Median follow-up was 7.9 years. Demographic and treatment factors were similar across genotypes, although the median age at ADT initiation was slightly higher in heterozygotes than in the other 2 groups (Table) . Kaplan-Meier plots of time to event outcomes are shown in the Figure. Median TTP was 2.3 years (95% CI, 1.6-3.1 years) in men who inherited 0 variant alleles, 2.3 years (95% CI: 1.5-3.3 years) with 1 variant allele, and 1.4 years (95% CI: 0.7-3.3 years) with 2 variant alleles (P = .68). Median TTM diminished with the number of variant alleles inherited: 7.4 (95% CI, 6.7-9.7), 5.8 (95% CI, 4.9-6.5), and 4.4 (95% CI, 3.0-5.7) years, with inheritance of 0, 1, and 2 variant alleles, respectively (P = .03). Median OS was 7.7 (95% CI, 6.7-10.3), 6.9 (95% CI, 5.8-8.4), and 7.2 (95% CI, 3.8-7.9) years with inheritance of 0, 1, and 2 variant alleles, respectively (P = .31). On multivariable analysis with 0 variant alleles as the reference, the adjusted hazard ratio (HR) for metastasis was 1.19 (95% CI, 0.74-1.92) (P = .48) for 1 variant allele and 2.01 (95% CI, 1.02-3.97) (P = .045) for 2 variant alleles. Multivariable analysis did not demonstrate significant differences in TTP or OS.
Discussion
To our knowledge, this is the first study to analyze the association of HSD3B1 genotype with response to ADT after RT for localized prostate cancer. Previous analyses in men treated with ADT for biochemical failure after prostatectomy or for metastatic disease have shown a strong association between HSD3B1 genotype and response to ADT. In contrast to those studies, there was not a statistically significant association between genotype and composite TTP or OS in the current study. Nonetheless, we found a prominent difference in TTM, with differences between genotypes measured in years. These results are consistent with those published for the Cleveland Clinic postprostatectomy cohort, in whom there was also a large difference in TTM according to genotype. 10 There are a few notable differences between our cohort and the previously published post-prostatectomy cohorts. In the present study 105 of 213 men (49%) had received prior ADT as part of RT. In contrast, few men had previously received ADT in the published cohorts. This is relevant, since the selective pressure from ADT ultimately leads to emergence of multiple somatic resistance mechanisms, which could dilute the impact of germline HSD3B1 genotype. Moreover, 119 of 213 men (56%) in the present study received an androgen receptor (AR) antagonist during ADT, whereas the vast majority in the previously published cohorts did not. Although the HSD3B1 (1245C) allele increases the rate at which adrenal androgen precursors are converted to dihydrotestosterone within tumor cells, AR antagonists compete with intratumoral androgens and may attenuate the effect of the variant allele. Thus, it is possible that the high rates of prior ADT exposure and frequent use of AR antagonists during salvage ADT modified the impact of genotype with respect to composite TTP and OS. Nonetheless, the large impact on TTM is statistically and clinically significant. In addition, patients who receive definitive RT often differ from those who receive prostatectomy, and typically the former have more aggressive disease. 13 Adverse genetics underlying more aggressive disease may thus be more prevalent in those treated with RT, which might also contribute to differences in the effect of HSD3B1 genotype between cohorts.
Limitations
Regarding OS, a landmark trial of ADT for biochemical recurrence after RT demonstrated a median OS of 8.8 to 9.1 years, and this may be an underestimate with modern systemic therapy. 14 Thus, the follow-up length for this cohort is inadequate to reliably exclude a difference in OS by genotype. Given the degree of difference in TTM, one would expect that there may eventually also be a difference in survival, albeit delayed by several years. While speculative, it is noteworthy that the OS curves for our cohort are potentially starting to diverge by approximately 7.5 years. Prostate cancer-specific mortality could not be analyzed, since cause of death data were not available. Finally, OS data may be confounded by subsequent therapies. As reported by Almassi et al 15 in the companion article in this issue of JAMA Oncology, the variant allele has been associated with delayed progression in men receiving nonsteroidal CYP17A1 inhibition.
Conclusions
In conclusion, the HSD3B1 (1245C) allele that enhances dihydrotestosterone synthesis from extragonadal precursor steroids is associated with more rapid development of metastases in men treated with ADT for biochemical recurrence after RT for prostate cancer.
